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Abstract 
In order to study the downproofness of down home textile fabrics, there are 10 kinds of fabrics which belong to A 
and B two series were woven. They were interwoven with different yarns e.g. cotton and DTY. Air permeability and 
downproofness of the fabrics were tested and analyzed. The relationship between the weft density, tightness, air 
permeability and downproofness was achieved. From the test results, following conclusions can be gotten. 1) Within 
a certain range, the air permeability is enhanced as weft density and tightness of fabrics are decreased; 2) The 
downproofness is good for fabrics with higher weft density; 3) The downproofness is good for fabrics with larger 
tightness; 4) From the analysis of linear regression, the downproofness and air permeability of the fabrics are 
negatively related, which means that good air permeability indicates poor downproofness of the fabrics. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Down is an excellent warm material which is soft and comfort. It has good air permeability and high 
fluffiness. Moreover, down possesses good hygroscopic quick-drying performance [1]. Down products 
are very popular for many consumers and they are the preferred choice for people to protect against cold 
and keep warm in the winter. However, down-penetration phenomenon appears inevitably in the practical 
production and application of down products. When down products are suffered from external extrusion 
and friction, down which press close to the fabric will drill out from fabric pores or pinholes with air [2]. 
Down-penetration phenomenon is not only plaguing consumers, but also troubling manufacturers. For the 
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sake of obtaining better downproofness, the down fabrics usually undergo a subsequent surface treatment 
such as coating or fill mulching. But this treatment leads to stiff fabric handle and has an effect on the 
fabric comfortableness and moisture permeability.  
With the improving of the living standard, the customers’ choice for down home textiles has not be 
limited to its heat retention, they have put forward higher requirement for its variety, function and quality 
[3]. As far as the products of down home textile, good air permeability and downproofness are very 
essential for them. This is the key technology for down products. At present, a large part of down home 
textile fabrics in the market is woven with cotton and polyester yarns. Cotton fabric has good moisture 
absorption, air permeability and heat retention. But it is easy to fold and its contraction is greater. 
Polyester fabric owns good luster, but has poor air permeability and comfort [4]. If the down fabrics 
which have good downproofness are interwoven with cotton and polyester yarns, the surface treatment is 
unnecessary. So we can save costs and make down products soft and comfortable. As a result, research on 
the downproofness of down home textile fabrics has a very important practical significance, which can 
help to improve the quality of down products and resolve the fabric down-penetration problem. 
Considering from weft density, tightness and air permeability, A and B two series of fabrics were 
woven in the article. And then the air permeability and downproofness of the fabrics were tested. On the 
basis of the test result, the influence of different factors on the downproofness of the fabrics was 
discussed. 
2. Experiment 
2.1. Instruments and Materials
YG461D-1 digital fabric air permeability apparatus, YG(B)819D Downproofness Tester. 
A and B two series of fabrics were interwoven with different yarns, e.g. 83.33dtex DTY, 73.82dtex×2 
cotton yarn, 59.05dtex×2 cotton yarn and 49.21dtex×2 cotton yarn. The detailed specifications were 
shown in Table 1. 
Table 1 Specification of Fabric Samples 
Fabric Number Weft Yarn Weft Density (root/cm) Weave Construction 
A1 83.33dtex  DTY 55 five satin 
A2 83.33dtex  DTY 53 five satin 
A3 83.33dtex  DTY 51 five satin 
A4 83.33dtex  DTY 49 five satin 
B1 73.82dtex×2  cotton 44 five satin 
B2 73.82dtex×2  cotton 46 five satin 
B3 59.05dtex×2  cotton 49 five satin 
B4 49.21dtex×2  cotton 53 five satin 
B5 49.21dtex×2  cotton 55 five satin 
B6 59.05dtex×2  cotton 55 five satin 
Notes: Down filler adopt 70% gray duck down, 83.33dtex DTY is selected as warp yarn, its warp density is 80 root/cm. 
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2.2. Testing Methods 
GB/T5453-1997 "Textile Fabric Air Permeability Test"[5], GB/T 12705.2-2009 "Test method of 
textile’s downproofness, part II: revolving box method " [6]. 
The evaluation of fabric downproofness is roughly divided into three types. The specific evaluation 
was shown in Table 2. 
Table 2 Evaluation of Fabric Downproofness 
Evaluation of Downproofness Down-penetration quantity 
good downproofness ˘5
downproofness 6̚15 
poor downproofness ˚15
3. Test Results and Analysis 
3.1. Air Permeability 
3.1.1 Relationship between air permeability and weft density 
Table 3 Relationship between air permeability and weft density 
Fabric Number Weft Density (root/cm) Permeability (mm/s)
A1 55 45.88 
A2 53 55.29 
A3 51 71.48 
A4 49 81.76 
The permeability size is commonly used to indicate fabric air permeability is good or not. The fabric 
air permeability is better when the value of permeability is greater [7]. From Table 3, within a certain 
range, the air permeability is enhanced as weft density is decreased. In series A, the weft density of A4 is 
the smallest, but its air permeability is relatively the best. Because in the same case of other factors, fabric 
construction is more loose with weft density reducing. The binding force between the yarns becomes 
smaller so that it is prone to causing a relative slip. Therefore, more gaps between the yarns are formed, 
which indicates that air permeability of the fabrics becomes better. 
3.1.2 Relationship between air permeability and tightness 
Table 4 Relationship between air permeability and tightness 
Fabric Number Tightness (%) Permeability (mm/s)
B1 93.06 182.15 
B2 93.37 146.38 
B3 94.54 142.16 
B4 95.25 132.59 
B5 95.62 123.66 
B6 95.78 93.2 
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From Table 4, within a certain range, the relationship between the air permeability and tightness of the 
fabrics is that air permeability becomes better with smaller tightness. In series B, the tightness of B4 is the 
highest, but its air permeability is relatively the worst. Because when the tightness is increased, fabric 
construction becomes tighter and the interwoven gap in warp and weft direction is decreased. The 
viscosity resistance to be overcome increases when the gas goes through the fabric [8], which means that 
the permeability decreases and the air permeability of fabrics becomes worse.  
3.2. Downproofness 
3.2.1 Relationship between downproofness and weft density 
Table 5 Relationship between downproofness and weft density 
Fabric Number Weft Density (root/cm) Down-penetration quantity 
A1 55 4 
A2 53 5 
A3 51 7 
A4 49 11 
From Table 5, it can be found that down-penetration quantity is increased gradually with the reduction 
of weft density, which indicates that downproofness becomes not better. Because under the same 
condition of thickness of yarn, fabric construction is more loose with smaller weft density. And the gaps 
between the yarns become larger. It is apparently conducive to make down penetrated. In series A, the 
weft density of A1 is relatively the highest, but its downproofness of fabrics is the best.  
3.2.2 Relationship between downproofness and yarn tightness 
Table 6 Relationship between downproofness and tightness 
Fabric Number Tightness (%) Down-penetration quantity 
B1 93.06 ˚15(a large number) 
B2 93.37 ˚15(a large number) 
B3 94.54 ˚15(a middle number) 
B4 95.25 ˚15(a small number) 
B5 95.62 ˚15(a small number) 
From Table 6, the relationship between the downproofness and tightness of the fabrics is that down-
penetration quantity is reduced as the tightness is decreased, which means that the downproofness 
becomes better. Because of larger tightness, the contact between the yarns is closer and the gaps become 
smaller. As a result, it is not easy to make down penetrated. Generally speaking, the down-penetration 
quantities of series B are more than 15, which indicate the downproofness of fabrics is poor. In series B, 
the tightness of B1 is the smallest, but its downproofness is relatively the worst.  
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3.2.3 Relationship between downproofness and air permeability 
Table 7 Relationship between downproofness and air permeability 
Fabric Number Permeability (mm/s) Down-penetration quantity 
A1 45.88 4 
A2 55.29 5 
A3 71.48 7 
A4 81.76 11 
The test results in Table 7 are analyzed with the method of linear regression, the relationship between 
the down-penetration quantity and permeability of the fabrics is showed by the regressive equation, 
Y=0.18379hXˉ4.93928. The correlation coefficient of the regressive equation is that R=0.95417. It can 
be found that correlation is very great, the linear regression relationship is shown in Fig. 1. 
40 50 60 70 80
0
2
4
6
8
10
12
D
ow
n-
pe
ne
tr
at
io
n 
Q
ua
nt
ity
Permeability/(mm/s)
Fig. 1. Linear regression relationship between down-penetration quantity and permeability  
From Fig. 1, it can be found that the down-penetration quantity and permeability of the fabrics are 
positively related. In other words, the fabric downproofness and air permeability are negatively related, 
which means that good air permeability indicates poor fabric downproofness. In series A, the 
permeability of A1 is 45.88 mm/s, its air permeability is relatively the worst. However, the down-
penetration quantity of A1 is relatively the smallest, which means its downproofness is the best. In 
general, the air permeability depends on the pores of fabrics. There are many pores of fabrics which have 
good air permeability, so it is easy to make down penetrated. 
4. Conclusions 
The downproofness of down home textile fabrics is influenced by the factors such as weft density, 
tightness and air permeability. From the test results, following conclusions can be gotten. 1) Within a 
certain range, the air permeability is enhanced as weft density and tightness of fabrics are decreased; 2) 
The downproofness is good for fabrics with higher weft density; 3) The downproofness is good for 
fabrics with larger tightness; 4) From the analysis of linear regression, the downproofness and air 
permeability of the fabrics are negatively related, which means that good air permeability indicates poor 
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downproofness of the fabrics. These conclusions will provide theoretical guidance for further researching 
the downproofness of down home textile fabrics. 
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